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(57) The apparatus (1) includes optical visual units 
(40) mounted on a laterally disposed shaft (39) 
and adjustable so as to be movable toward and 
away from each other for establishing a correct 
eye spacing for a user. LCD display panels (45) 
are mounted within the optical visual units so as 
to be verticallymovable while ocular lenses (47) 
onto which images displayed by the LCDs are 
projected via an obliquely arranged mirror 
(48)are positionally fixed relative the eyes of the 
user such that focus adjustment will not cause 
_ image dropout and so that focus and eye spac- 
ing may be established independently of each 
other. Sliders (61) provided for effecting focus 
and eye spacing adjustment are mounted such 
that frictional force is applied thereto for provid- 
ing smooth but sure movement of the sliders so 
that a set position of the sliders may be reliably 
maintained. The sliders may be mounted via a 
self lubricating mounting to improve adjust- 
ment smoothness and slide characteristics. 
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BACKGROUND OF THE INVENTION 

Field of The Invention 

The present invention relates generally to a eye- 
glass type image display apparatus which permits 
monitoring of an image, such as a video or television 
image, in an immediate form via a pair of ocular lens- 
es. 

Description of The Prior Art 

Eye glass type image display devices, or 'head 
mounted* image displays, have been disclosed, for 
example, in Japanese Patent Application (First Pub- 
lication) 3-251667 by the present applicant. Such a 
conventional eye glass type image display device will 
be discussed hereinbelow with reference to Figs. 1 
and 2. 

In the drawings, a head-mounted image display 
apparatus 100 has a front frame 101, comprising an 
essentially rectangular body portion, retained by a 
pair of bows 102, 102 to be held to the head of a user 
in a manner similar to a pair of eyeglasses. Also pro- 
vided at a lower center portion of the front frame 101 
are an inverted V-shaped nose pad 101a and an in- 
verted V-shaped reflector 1 03. As best seen in Fig. 1 , 
mounted at a position above the reflector 103, a flu- 
orescent tube 1 04 is provided. At both sides of the re- 
flector 103, color liquid crystal display (LCD) panels 
105, 105 (image display means) are arranged. For 
each of the LCD panels 105, 105, a convex focus lens 
is formed substantially integrally therewith via deflec- 
tion panels 107, 107. Mounted within the front frame 
101, so as to be positioned at the inner sides of left 
and right eyes of a user, focusing lenses 106, 106 are 
provided and, ocular lenses 108, 108 are mounted in 
a position so as to be in front of the left and right eyes 
of a user respectively. Reflectors 109, 109, of a rec- 
tangular plate type, are arranged so as to reflect im- 
ages focused through the focusing lenses 106, 106 to 
the ocular lenses 108, 108. 

It will also be noted in Fig. 2 that earphone cups 
102a, 102a are provided on each of the bows 102, 
1 02 which may be utilized to provide sound accompa- 
niment to images supplied to the image display 
means. 

As seen in the explanatory diagram of Fig. 1, 
when such a conventional head mounted image dis- 
play apparatus 100 is worn over the face of a user, im- 
ages formed on the pair of LCD panels 105, 105, from 
a VTR or the like, are irradiated by the fluorescent 
tube 104 and projected In enlarged form on the reti- 
nas a, a of the left and right eyes A, A of the user, via 
the focusing lenses 106, 106, the reflectors 109, 109 
and the ocular I ns s 108, 108. The virtual imag r - 
fl cted on the ocular I nses are adjustable to stab- 
lish a comfortable viewing distanc for the us r. 
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However, in such conventional head-mounted Im- 
age display apparatus as described above, since the 
reflector 103 is mounted above the nose pad to assist 
in projecting the images displayed on the LCD panels 

5 105, 105, to the eyes by lateral deflection, it is difficult 
to enlarge the nose pad portion of the apparatus such 
that the reflector 103 will not contactthe user's nose. 
That is, when a user having a larger nose wears the 
display apparatus 100, it is difficult to match the left 

10 and right eye positions of the user with the positions 
of the ocular lenses 108, 108. Further, since the LCD 
panels 105, 105, cannot be moved closer to the re- 
flector 103, the conventional apparatus cannot be 
adapted for users who have a substantially small dis- 

15 tance between their eyes. In addition, since focusing 
adjustments are made by moving the respective ocu- 
lar lenses 1 08, 108 so as to vary a distance between 
the eyes A, Aand the ocular lenses 108, 108, it is pos- 
sible that a portion of the image may 'drop out*, that 

20 is to say, to be beyond the focal range of the ocular 
lenses 108, 108, at some positionings thereof. 

Therefore, it has been required to provide a head 
mounted image display apparatus which is adaptable 
to a wide range of facial types and in which satisfac- 

25 tory focusing and eye distance adjustment can be 
easily and reliably carried out. 

SUMMARY OF THE INVENTION 

30 It is therefore a principal object of the present in- 

vention to overcome the drawbacks of the prior art. 

It is a further object of the present invention to 
provide a head mounted image display apparatus 
which is adaptable to a wide range of facial types and 

35 in which satisfactory focusing and eye distance ad- 
justment can be easily and reliably carried out. 

in order to accomplish the aforementioned and 
other objects, a head-mounted image display appara- 
tus wherein images from a pair of image display 

40 means provided in a device body are provided to left 
and right eyes of a user in enlarged form via reflector 
means interposed between the image display means 
and a pair of ocular lenses, is provided in which a pair 
of optical visual units is provided housing the image 

45 display means, the reflector means and the ocular 
lenses, the optical visual units respectively being 
movable horizontally in directions toward and away 
from each other. 

According to another aspect of the present inven- 

50 tion, a head-mounted image display apparatus 
wherein images from a pair of image display means 
provided in a device body are provided to left and right 
eyes of a user in enlarged form via reflector means in- 
terposed betw en the image display means and a 

55 pair of ocular lenses is provided, further comprising: 
a shaft, lat rally mounted within the device body; a 
pair of optical visual units housing the imag display 
m ans, the refl ctor means and the ocular lens s, 
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the optical visual units respectively movable horizon- 
tally in directions toward and away from each other 
along the shaft, the ocular lens s being vertically ar- 
ranged so as to oppose lef t and right eyes of t he user, 5 
the reflector means being obliquely arranged be- 
tween the ocular lenses and the image display means 
and the image display means being arranged on a 
horizontal plane and movable in a vertical direction 
while maintaining a horizontal attitude thereof in rela- 10 
tion to the reflector means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 15 
Fig. 1 is an explanatory diagram of image reflec- 
tion in a conventional head-mounted image dis- 
play apparatus; and 

Fig. 2 is a perspective view of a conventional 
head-mounted image display apparatus such as 20 
shown in Fig. 1. 

Fig. 3 is a front view of a head-mounted image 
display apparatus according to a preferred em- 
bodiment of the invention; 

Fig. 4 is an exploded perspective view of the 25 
head-mounted image display apparatus of Fig. 3; 
Fig. 5 is an alternative exploded perspective view 
of the head-mounted image display apparatus of 
Fig. 3; 

Fig. 6 is a perspective view of an optical visual de- 30 
vice employed in the head-mounted image dis- 
play apparatus; 

Fig. 7 is a cross-sectional view of the optical vis- 
ual device of Fig. 6; 

Fig. 8 is a plan view of the optical visual device 35 
of Fig. 6; 

Fig. 9 is a rear view of the optical visual device of 
Fig. 6; 

Fig. 10 shows a partially cut away perspective 
view of an optical visual unit provided-in the opt- 40 
ical visual device; 

Fig. 11 is an exploded perspective view of a back- 
light arrangement employed in the head- 
mounted image display apparatus of the inven- 
tion; 45 
Figs. 12a- 12c are partial front views of the head- 
mounted image display apparatus for showing a 
positional condition of focus and eye distance ad- 
justing mechanisms according to movement of 
adjustment sliders associated therewith; so 
Fig. 13 is a perspective view of a focus adjusting 
mechanism according to the invention; 
Fig. 1 4 is a cross-sectional view of a slider portion 
of the focus adjusting mechanism of Fig. 13; 
Fig. 15 is a cross-sectional view of an eye dis- 55 
tance adjusting m onanism according to the in- 
vention; 

Fig. 16 is a lat ral cross- s ctional view of the y 
distance adjusting m chanism of Fig. 15; 



Fig. 17 is a perspective view of an earphone cup 
receptacle mechanism according to the inven- 
tion; 

Fig. 1 8 is an exploded perspective view of a reel 
portion of the earphone cup receptacle mecha- 
nism of Fig. 17; 

Fig. 19 is a perspective view of a rear side of the 
reel portion of Fig. 18; 

Fig. 20 is a perspective view showing a retracted 
condition of a cord connecting an earphone cup; 
Fig. 21 is a plan view showing a condition in which 
a cord attached to an earphone cup is retracted; 
Fig. 22 is an exploded perspective view of a top 
side of a mounting plate portion of the earphone 
cup receptacle mechanism; 
Fig. 23 is a perspective view of a bottom side of 
the mounting plate portion of Fig. 22; 
Fig. 24 is an exploded perspective view of an ear- 
phone cup receptacle mechanism according to 
the invention; 

Fig. 25 is a plan view of the head-mounted image 
display apparatus of the invention; 
Fig. 26 is a front elevation of the head-mounted 
image display apparatus of the invention; 
Fig. 27 is an enlarged plan view of a bow connect- 
ing portion of the head-mounted image display 
apparatus; 

Fig. 28 is a leftside view of the head-mounted im- 
age display apparatus; 

Fig. 29 is a right side view of the head-mounted 
image display apparatus; 
Fig. 30 is a rear view of the head-mounted image 
display apparatus; 

Fig. 31 is a bottom view of the head-mounted im- 
age display apparatus; 

Fig. 32 is a cross-sectional view of an alternative 
construction of an adjustment slider according to 
the invention; 

Fig. 33 is a lateral cross-sectional view of the al- 
ternative adjustment slider construction of Fig. 
32; 

Fig. 34 is an explanatory diagram of a conver- 
gence angle establishing means according to an 
alternative embodiment of a head-mounted im- 
age display apparatus of the invention; 
Fig. 35a is an explanatory diagram of optical 
characteristics of the head-mounted image dis- 
play apparatus of the invention; 
Fig. 35b is an explanatory diagram of optical 
characteristics of a conventional head-mounted 
image display apparatus; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Hereinbelow, a first pref rr d embodiment of a 
h ad-mounted image display apparatus according to 
theinv ntionwillb d scribed in detail with ref rence 
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to the drawings. 

Referring now to the drawings, particularly to 
Figs. 3 - 5, a head-mounted image display apparatus 
1 according to the invention generally comprises a s 
substantially rectangular (goggle shaped) front frame 
10, to be positioned on the face in front of a user's 
eyes. As seen in Fig. 4, a pair of bows 20, 20 is con- 
nected to rear outside portions of the front frame 10 
for supporting the head-mounted image display ap- 10 
paratus 1 on the face in a substantially eyeglass type 
arrangement. An optical visual device 2, including a 
backlight 30 and a pair of optical visual units 40, 40 
are arranged at a front central portion of the front 
frame 10 and a pair of earphone cup receptacle mech- is 
anisms 80, 80 are respectively arranged at each side 
of the front frame 10. 

The front frame 10 comprises a fore cabinet 11 
having a channel-shaped longitudinal cross-section 
and made, for example, of non-transparent synthetic 20 
resin, a reverse C-shaped rear cabinet 12, which may 
also be formed of non-transparent synthetic resin, 
and which is attached to a rear peripheral edge of the 
fore cabinet 1 1 so as to collectively form a hollow box. 
The rear cabinet has basically an upper, visor portion 25 
1 2a, a rear, face portion 1 2b and a lower, shelf portion 
12c. On tilted ends of the visor portion 12a, cylindrical 
projecting portions 13, 13 are integrally formed so as 
to project horizontally from the sides thereof and, at 
a central position on the face portion 12b and the 30 
shelf portion 12c a substantially triangular nose re- 
ceptacle 14 is formed. A pair of windows 15, 15 are 
provided through the face portion 12b of the rear cab- 
inet on either side of the nose receptacle 14, at pos- 
itions corresponding to eye positions of a user. 35 

As shown in Figs. 5 and 25 - 30, the bows 20, 20 
of the head-mounted image display apparatus 1 of 
the invention include front bow portions 21, 21 of a 
hollow, rectangular configuration and made, for ex- 
ample, of synthetic resin. Rear bow portions 22, 22, 40 
made of plate metal, for example, are arranged^ be- 
hind ttie front bow portion 21 , 21 so as to be slidable 
within the front bow portions 21, 21. A band portion 
23 joins the ends of the rear bow portions 22, 22 such 
that the apparatus as a whole forms a ring shape. 45 
Also, at forward ends of the front bow portions 21 , 21 , 
hinges 13a, 13a are formed so as to pivotally mount 
the bows 20, 20 on the projecting portions 13, 13 of 
the visor portion 12a of the rear cabinet. According to 
this construction, the rear cabinet 12 is prevented 50 
from directly contacting the forehead of a user. 

The front sides of the rear bow portions 22, 22 are 
provided with knobs 22a, 22a which are arranged to 
protrude through slits 21b, 21b formed in the outer 
sides of the front bows 21,21 such that the rear bows 55 
22, 22 are slidabiy adjustable. Fl xible rubber plates 
24, 25 are provided at rear end portions of the rear 
bows 22, 22 respectively. As best seen in Fig. 27, the 
rubber plate 24 is provid d with a gourd-shaped en- 



gaging hole 24a while the rubber plate 25 is formed 
with a protruding T-shaped rubber boss 25a which is 
engageable with the engaging opening 24a of the 
rubber plate 24. Also, according to the present em- 
bodiment, as seen in Fig. 28, the left side front bow 
21 is provided with a connecting cord 26 for interfac- 
ing with a VTR, television, video game, or other im- 
aging source (imaging sources not shown in the draw- 
ings). 

Referring now to Figs. 7 and 11, the backlight 30 
of the optical visual device 2 has a semi-cylindrical re- 
flector 31 with an inner curved surface having a mir- 
rorf inished portion 32. As best seen in Fig. 11 , the re- 
flector 31, which may be formed of synthetic resin, 
acts as a frame for a elongated rectangular substrate 
33 which is mounted on a center recess of the reflec- 
tor 31, an elongated fluorescent lamp 34 (Fig. 7) 
mounted on the substrate, a power source unit 37 
connected to the substrate via interlocking connec- 
tors 35, 36, a central shielding plate 38a, side shield- 
ing plates 38b, 38c for partially closing an upper sur- 
face of the recessed portion of the reflector 31 and a 
pair of shafts 39, 39 (Fig. 7) extending between pro- 
jected portions 31 a..., 31b..., which project from front 
and rear surfaces of the reflector 31 respectively. 

On the substrate 33, patterning (not shown) is 
provided for providing suitable illumination from the 
fluorescent lamp 34. As noted above, interlocking 
connectors 35, 36 are provided for connecting the 
substrate 33 and the power source 37. According to 
the present embodiment, a female connector 35 is 
provided at one side of the substrate 33 while a male 
connector 36 is provided at an upper side of the power 
source 37. Thus connection for supplying substantial- 
ly high voltage to the substrate 33 is established, 
while noise and/or shorting which may be caused if di- 
rect connection were made via a cable or the like may 
be avoided. 

Referring to Figs. 6 - 9, the pair of optical visual 
units 40, 40 of the optical visual device 2 includes re- 
spective, box-shaped body units 41, 41, which are 
supported on the pair of shafts 39, 39 for allowing 
sliding movement thereof. Each body unit 41 includes 
a rectangular, frame-like LCD holder 43 which is hor- 
izontally oriented and enabled to move in vertical di- 
rections via a vertically extending shaft 42. Adiffusion 
plate 44 is mounted on an upper side of each of the 
- LCD holders 43, and a transparent type LCD (liquid 
crystal display) panel 45 is mounted within each of 
the LCD holders 43. A squared cylindrical lens frame 
46, mounts an ocular lens 47 at a rectangular opening 
portion at a rear side thereof (i.e. facing in the direc- 
tion of the facing portion 12b of the rear cabinet, that 
is, facing the eyes of th user). One lens frame 46 be- 
ing provided at a lower side of each of the LCD hold- 
ers 43 respectively. A mirror (reflector plat ) 48 is 
mounted at an angl of approximately 45° in a lower 
portion of each of the squar d cylindrical lens frames 
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46 behind the ocular lens 47, and a coil spring 49 is 
provided on each side for constantly biasing each 
LCD holder 43 upwardly. 

According to the above-described construction, 
when an image is displayed on the LCDs 45, 45, light 
emitted from the fluorescent lamp 34 of the backlight 
30 is reflected as two parallel beams by the mirror 
surface 32 of the reflector 31 to irradiate the display 
portion 45a of each of the LCDs 45, 45 and the image 
is then projected via the reflection plates 48, 48 to the 
r tinas of a user's left and right eyes A, A as an en- 
larged image via the ocular lenses 47, 47. since the 
LCDs 45, 45 are illuminated by the same fluorescent 
lamp 34 differences in color, temperature and/or lumi- 
nance between the LCDs 45, 45 can be eliminated 
and image quality is improved. It will be also be noted 
that, according to the above construction a stereo, or 
3-D image wherein separate images are provided to 
the left and right eyes respectively, may also prefer- 
ably be utilized. 

Referring now to Fig. 8, each of the unit bodies 
41, 41 of the optical visual units 40, 40 are formed as 
a parallelepiped construction of, for example, syn- 
thetic resin. Projecting from, and integrally formed 
with, front and rear upper sides of the unit bodies 41 , 
41 holding portions 41a. 41b, 41b are respectively 
formed for engaging the shafts 39. 39. As seen in Fig. 
8, the unit bodies are mounted so as to slant obliquely 
toward a center of the head-mounted image display 
apparatus 1. That is to say, on a horizontal plane, the 
rectangular shape of the unit bodies41, 41, LCD hold- 
ers 43, 43, LCDs 45, 45 etc. are displaced from a mu- 
tually parallel relationship, such that an outer side of 
the unit bodies sits further from the user than the in- 
ner sides. The degree of displacement, or tilting of the 
unit bodies is established at between 2° to 8° there- 
between. The reason for this disposition of the unit 
bodies is so that a convergence angle of between 2 
and 8 degrees exists between an image on the left 
LCD 45 and a corresponding, or identical image on 
the right LCD 45. This is to allow the user to easily 
merge the left and right images into a single image, 
while the user maintains a relaxed state since re- 
search has shown that in most humans, including in- 
fants, a distance of between 40mm to 75mm exists 
between the pupils of the eyes and that, in a relaxed, 
or unfocused, state of the human eye, focal conver- 
gence occurs at a distance of between 60cm and 1m 
of the person. This corresponds to a slightly 'cross 
eyed' tendency of the human eye at rest which trans- 
lates to a convergence angle of between 2.7° and 
7.15° existing between the average pair of eyes. 
Thus, such an convergence has been considered by 
the present inv ntors and a displacement of b tw en 
2° and 8° has been provided between th unit bodies 
41,41. According to this, y fatigue as well as mental 
fatigue associat d with y strain may be minimized 
so that th h ad-mount d image display apparatus 1 



may be used for long periods of time. Also, the head- 
mounted image display apparatus 1 according to th 
invention becom s comfortable to wear and may be 

5 easily adapted to be worn by a large embodiment the 
optical visual units are tilted at the above-mentioned 
convergence angle relative to the pair of shafts 39, 39 
along which they move, as seen in Fig. 34, it is also 
possible to set the convergence angle by offsetting or 

10 tilting the mounting of of the LCDs 45, 45 from a light 
axis in a magnitude t toward the center of the shafts 
39, 39 without tilting each of the entire optical visual 
units 40, 40 relative the shafts 39, 39. 

Also, referring again to Fig. 8, a coil spring 50 is 

15 disposed between the pair of unit bodies 41 , 41 and 
engages facing sides thereof so as to bias the unit 
bodies 41, 41 toward each other along the shafts 39, 
39. Furthermore, as shown in Fig. 10, the facing 
sides of each of the unit bodies 41 are respectively 

20 provided with a reverse U-shaped, vertical sliding 
groove 41c formed integrally therein. The vertical 
sliding groove 41 c receives therein a reverse U-shap- 
ed projecting portion 43a of the LCD holder 43 for sta- 
bly enabling vertical movement of the LCD holder 43 

25 and preventing movement of the LCD holder 43 
around the shaft 42. 

Still referring to Fig. 1 0. is may be seen that, pro- 
vided on the LCD holder 43 on a side opposite that 
having the reverse U-shaped projecting portion 43a, 

30 an L-shaped projecting portion 43b is integrally 
formed. The L-shaped projecting portion 43b has a 
vertically oriented circular opening 43c defined there- 
through by which the LCD holder 43 engages the 
vertical shaft 42. 

35 On the other hand, as best seen in Fig. 6, at a pro- 

jecting end of the L-shape of the projecting portion 
43b, a laterally oriented opening 43d is defined. The 
L-shaped projecting portion 43b projects through a 
groove 41 d formed in the rear side of each unit body 

40 41 and the laterally oriented opening 43d there- 
through engages a shaft 76 of a focus adjusting 
means 70, as will be explained in more detail herein- 
later. 

It should additionally be noted that, as seen in 
45 Fig. 7, a substrate 51 , a flexible substrate 52 are pro- 
vided at rear and bottom sides of the optical visual 
units 40, 40, and a system (control) substrate 53 is 
provided at a top side of the optical visual units 40, 40, 
mounted on the reflector 31. 
so The pair of optical visual units 40, 40 are horizon- 

tally movable toward and away from each other via 
eye distance adjusting mechanisms 60, 60 provided 
on the lower shelf portion 12c of the rear cabinet 12 
as will be explained in detail with reference to Figs. 15 
55 and 16. 

Ass n the Fig. 15, each ye distanc adjusting 
m chanism 60 comprises an adjusting knob 61 which 
projects from the bottom side of th low r sh If por- 
tion 12c of the rear cabinet-12 via an elongat op ning 
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12c' provided through the shelf portion 12c. The ad- 
justing knob 61 is horizontally slidable in left and right 
dir ctions. 

As shown in Fig. 15, the eye distance adjusting 
mechanism 60 comprises an eye distance adjusting 
slider 61 projected through a groove 12c' formed in a 
recessed portion 12r of the shelf portion 12c of the 
rear cabinet 12. A leaf spring 64 is retained to a rear 
side of the eye distance adjusting knob 61 via a fas- 
tening pin 63, which may for example be a rivet, screw 
or other suitable retaining means, and a backing plate 
62 is interposed between a top surface of the shelf 
portion 12c and the leaf spring 64 held by the fasten- 
ing pin 63. As seen in the drawing, the leaf spring 64 
is fastened to the rear side of the eye distance adjust- 
ing slider 61 such that downwardly curved distal ends 
64a thereof are biased to apply downward pressure 
against the backing plate 62 so as to seat the slider 
firmly in the groove 12c*. It will be noted that the back- 
ing plate 62 has a groove 62a formed therethrough 
corresponding to the groove 12c' such that the eye 
distance adjusting slider 61 is smoothly slidable hor- 
izontally in left and right directions along the groove 
12c*. 

A rear, or upper side 61 b of the eye distance ad- 
justing slider 61 is formed to as to be engageable with 
a stopper member 65, as best seen in Fig. 12a. Re- 
ferring now to Fig. 9, according to the above descri- 
bed construction, the eye distance adjusting slider is 
effective to slide the optical visual units 40, 40 be- 
tween a first smaller distance H1, and a second lon- 
ger distance H2 such that the optical visual units 40, 
40 may be freely movable according to a user's pref- 
erences. According to the present embodiment, the 
distance H1 is set at 55mm while second distance H2 
is set to 75mm, though other dimensions may also be 
preferably employed. 

Hereinbelow, the structure of a pair focus adjust- 
ing mechanism 70, 70 acting on the optical visual 
units 40, 40 will be described hereinbelow with refer- 
ence to Figs. 13 and 14. 

The focus adjusting mechanisms 70, 70 are pro- 
vided at each side of the upper visor portion 12a or 
the rear cabinet and are active to move the optical vis- 
ual units 40, 40 up and down vertically. Similarly to 
the eye distance adjusting mechanisms 60, 60 and as 
seen in Fig. 11, each focus adjusting mechanism 70 
comprises a focus adjusting slider 71 projected 
through a groove 12a' and horizontally slidable in left 
and right directions along the groove 12a', which is 
formed in a recessed portion 12r' of the visor portion 
1 2a of the rear cabinet 12. A leaf spring 74 is retained 
to a rear side of the eye focus adjusting slider 71 via 
a fastening pin 73 and a backing plate 72 Is interposed 
between a bottom surface of th visor portion 12a 
and the leaf spring 74 held by the fastening pin 73. As 
seen in the drawing, th I af spring 74 is fastened to 
the rear side of the focus adjusting slider 71 such that 
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upwardly curved distal ends 74a thereof are biased to 
apply upward pressure against the backing plate 72 
so as to seat the slider firmly in the groove 12a'. It will 
5 be noted that the backing plate 72 has a groove 72a 
formed therethrough corresponding to the groove 
12a' such that the focus adjusting slider 71 is 
smoothly slidable horizontally in left and right direc- 
tions along the groove 12a'. Further, the backing 
10 plates 72 and/or 62 of the eye distance adjusting 
mechanisms 60, 60 may be formed of a self lubricat- 
ing material such as oil impregnated synthetic resin or 
the like for promoting smooth movement of the eye 
distance adjusting sliders 61, 61 and/or the focus ad- 
15 justing sliders 71 , 71 . Since both the eye distance ad- 
justing sliders 61, 61 and the focus adjusting sliders 
71, 71 are biased toward the outside of the head- 
mounted image display apparatus 1 by leaf springs 
64, 74 having curved distal end portions 64a, 64a, 
20 74a, 74a, sufficient frictional force is applied that 
smooth sliding may be obtained without oversliding, 
thus making fine positional adjustments easily possi- 
ble. It will be noted that, instead of backing plates 62, 
72 for the eye distance adjusting sliders 61, 61 and/or 
25 the focus adjusting sliders 71,71, self lubricating rib 
portions may be integrally formed on the visor and/or 
shelf portions 12a, 12c of the rear cabinet of oil im- 
pregnated plastic or the like as shown in Figs. 32 and 
33 as rib portions 1 2d. 
30 A rear, or lower arm portion 71 b of the focus ad- 
justing slider 71 is formed with an pin 77 on the end 
thereof. The arm portion 71b is L-shaped, with a 
downwardly extending section formed at the distal 
end of the 'L*, the end of the downwardly extending 
35 section having the pin 77 formed thereon. The pjn 77 
acts as a cam follower such that, as seen in Fig. 13, 
when the focus adjusting slider 71 is slid in left or right 
directions along the groove 12a', the pin 77 moves 
along an obliquely angled cam groove 75b formed in 
40 a vertical slide plate 75. As seen in Fig. 13, the side 
plate is disposed substantially parallel to the face por- 
tion 12b of the rear cabinet and is slidably supported 
between a pair of brackets 31c, 31c associated with 
the reflector 31. A lower side of the slide plate 75 has 
45 support members 75a, 75a extending downwardly 
therefrom at opposing lower corners thereof and sup- 
porting a lateral shaft 76 therebetween. The lateral 
shaft 76 is fitted through the lateral opening 43d of 
the projecting portion 43a of the LCD holder of each 
so the optical visual units 40, 40 respectively. 

Thus, as seen in Figs. 12a - 12c when sliding 
movement of the focus adjusting slider 71 is per- 
formed, the pin 77 slides along the oblique cam open- 
ing 75a while the lateral shaft slides in the lateral 
55 opening 43d of the LCD hold r. According to this, the 
LCD holder slides in up or down in the vertical direc- 
tion along the vertical groove 41d formed in each of 
the unit bodies 41, 41, while the lateral spacing of the 
optical visual units 40, 40 as set by the y position 
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adjustment mechanisms 60, 60 is maintained. Ac- 
cording to the vertical movem nt of the LCD holder 
43, a spacing between the LCD 45, the reflector plat 
48 and the ocular lens 47 is changed for allowing a 
user to focus an image present on the LCD according 
to preference. 

It will be noted that, according to the above de- 
scribed construction, focusing and lateral positioning 
of each of the optical visual units 40 on left and right 
sides of the head-mounted image display apparatus 
1 may be separately established. Also, if eye distance 
adjustment is effected after focusing, a focused vert- 
ical position of the LCDs 45 will not be disturbed. For 
further facilitating optimal focusing of the LCDs 45, 
45, Fig. 2 shows a pair of calibration switches 55L, 
55R which are provided on an upper side of the visor 
portion 12a. The calibration switches are connected 
to the system substrate 53 for operating the LCDs 45, 
45 as follows: when the left side calibration switch 55L 
is depressed, the system is operable to black out the 
right side LCD 45 and to display a test pattern on the 
left display for allowing a user to establish optimal fo- 
cusing for the left eye. On the other hand, when the 
right side calibration switch 55R is depressed, the 
system is operable to black out the left side LCD 45 
and to display a test pattern on the right display for al- 
lowing a user to establish optimal focusing for the 
right eye. Thus, individual focus may be established 
for each eye while both eyes remain open. 

According to the above described structure of a 
head-mounted image display apparatus 1 according 
to the invention, since the shielding plates 38a, 38b 
are mounted on the mirror surface 32 side of the re- 
flector 31, external leakage of light from the fluores- 
cent lamp 34 is prevented. Also, efficiency of irradia- 
tion of the LCDs by the fluorescent lamp 34 is im- 
proved. 

According the above-described structure of the 
optical visual units 40, 40 including the eye distance 
adjusting mechanisms 60, 60 and the focus adjusting 
means 70, 70, the ocular lenses 47, 47 are vertically 
fixed at a set distance from the eyes A. A of the user. 
The reflection plates 48, 48 are fixed obliquely to the 
ocular lenses 47, 47 and the LCDs 45, 45 while the 
LCDs 45, 45 are vertically movable within the LCD 
holders 43, 43 the image displayed on the LCDs 45, 
45 may be projected on the retinas a, a of the eyes 
A, A with vertical deflection, facilitating precise focus 
adjustment with a simple structure. According to this, 
the ocular lenses 47, 47_may be positioned as close 
as possible to the eyes A, A for ease of viewing and, 
for creating a feeling of immediacy, or immersion in 
the viewed image. Also, close positioning of the ocu- 
lar lenses 47, 47 relative the eyes A, A allows a small- 
er diam ter of ocular lens to be utilized for furth r 
downsizing of the head-mounted image display appa- 
ratus 1 . 

R f rring to Figs. 35a and 35b, as set forth, by 
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making each color liquid crystal display panel 45 mov- 
able in each unit body 41 while each ocular lens 47 is 
positionally fixed to the rear portion of each unit b dy 

5 via the lens mirror cylinder 46, it becomes possible to 
make the distance between each ocular lens 47 and 
the pupil of the eye A constant without varying the 
distance between the ocular lens 47 and the eye A so 
that an image can be stably viewed commonly with a . 

10 virtual image. That is, referring to Fig. 35a, when fine 
focus adjustment is carried out by moving an LCD 45 
vertically from a old unchanged at X and the virtual 
images may be formed at positions a* and b' corre- 
sponding to the positions a and b. Since this virtual 

15 image changes the position always within a set image 
angle Z° the complete image may always be ade- 
quately seen by the user. Conversely, as seen in Fig. 
35b in a conventional type head-mounted image dis- 
play apparatus 100 wherein focus adjustment is ef- 

20 fected by moving the ocular lens 108, the distance X 
between the ocular lens 108 and the eye A is varied 
so that an image angle Z° is also caused to vary. Ac- 
cording to this, image 'dropout' may occur in the 
shaded areas S of the conventional arrangement. Ac- 

25 cording to the present invention, such dropout is sure- 
ly prevented. 

Also according to the invention, the LCDs 45, 45 
may be of a transmission type thin plate form and 
since the reflector 31 is adapted to also act as a 

30 frame, further size reduction of the head-mounted im- 
age display apparatus 1 is possible. 

Now, with reference to Figs. 17-24 the earphone 
cup receptacle mechanisms 80, 80 of the invention 
will be described hereinbelow. 

35 Referring now to Fig. 17, each earphone cup re- 

ceptacle mechanism 80 generally comprises a recep- 
tacle casing 83 for receiving an earphone cup 81 and 
a cord 82 connected thereto. A reel 87 is rotatably 
supported in the casing 83 via a mounting plate 85 

40 (Fig. 20). As seem in Fig. 18, a power spring 89 is is 
provided within the reel 87 for biasing the reel 87 in 
the winding direction. Also, cord length adjusting 
means 90 is provided for adjusting a retracting length 
of the cord 82. 

45 Still referring to Fig. 18, it may be seen that the 

reel 87 has an annular rib 87a formed on a top side 
thereof. The power spring 89 is pressed into a space 
defined within the annular rib 87a with a spacer 91 in- 
terposed between the top surface of the reel 87 and 

so the power spring 89. One end of the power spring 89 
is engaged with a pair of cut-outs 87b, 87b of the an- 
nutar rib 87a and, as shown in Fig. 19, four bosses 
87c, 87c, 87c, 87c are projected from the top side of 
the reel 87, one pair of bosses 87c being used to sup- 

55 port one of a pair of contact terminals 92, 92, respec- 
tively. The contact terminals may b partially embed- 
ded in the top surface of th re I or attached by ultra- 
sonic welding, etc. In addition, thre ratchet portions 
88, 88, 88 are form d at out r sides of the annular rib 

7 
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U-shaped portion 83b collectively form the cord 
length adjusting means 90. 

The arphone cup receptacle mechanisms 80, 80 
5 are received at left and right sides of the front frame 
10 respectively and the earphone cups 81 are ar- 
ranged so as to slightly project from the cup recepta- 
cles 83a of the casing 83 so that the earphone cups 
81 may be easily extracted by the user for inserting 
w same into left and right ears when the head-mounted 
image display apparatus 1 is worn in a manner similar 
to goggles, or eyeglasses. 

When the earphone cups 81, 81 are extracted 
from the earphone cup receptacle mechanisms 80, 
15 80 the reels 87 thereof are rotated as the cord is 
drawn over the pulley 98, at this time, the reel will not 
apply winding force to the cord 82 since the rocking 
arm 95 is active to engage t he ratchet portions 88, 88, 
88 sequentially to prevent winding of the earphone 
20 cups 81 , 81 . The tab may be pressed to effect partial 
or complete retraction of the cord for establishing an 
optimal length of the retracted cord according to user 
preferences, also, since extracting force applied to 
the cord is mediated by the pulley 98, a strength and 
25 durability of the components of the earphone cup re- 
ceptacle mechanisms 80, 80 including the cord 82 
and the reel 87 may be improved and, since the cord 
bends around the pulley 98 the mechanism may be 
made more compact and easy and convenient to car- 
30 ry than if the cord is extracted directly along a tangent 
or the reel surface. 

Thus, according to the head-mounted image dis- 
play apparatus 1 of the invention, image dropout can 
be eliminated while independent adjustment of eye 
35 distance and focus may be easily accomplished. In 
addition, provision of the leaf springs creating friction- 
al force applied to the adjustment sliders assures that 
the adjusted positions set by the user will be reliably 
maintained and, since a self lubricating material may 
40 be used on rib portions or backing plate portions of 
the adjustment mechanisms which work in conjunc- 
tion with the frictional force applied by the leaf 
springs, smooth and fine adjustment may be easily 
accomplished. 

45 



87a spaced along the outer circumference thereof. 
Slits 87d formed within the space defined by the an- 
nular rib 87a and positioned in relation to the ratchet 
portions 88, 88, 88 allow an knotted end portion 82a 
of the cord 82 to pass from the inner hub of the reel 
87 to the outer side thereof, as seen in Fig. 20. at the 
end of the cord 82, projecting beyond the knotted end 
portion 82a, conducting wires 82b, 82b are projected. 
These conducting wires 82b, 82b, are respectively 
soldered to one of the contact terminals 92, which are 
connected so as to receive an input audio signal 
which may accompany an image signal input from a 
VTR (not shown) or the like via the connecting cord 
26, for example. The cord may be attached to the reel 
by the knotted end 82a and workability may be im- 
proved while a manufacturing process may be simpli- 
fied. 

Referring to Fig. 22, each reel 87 is supported on 
a shaft 86 secured to a substantially center portion of 
the mounting plate 85 and covered by a holding plate 

93 (best seen in Fig. 17). As seen in Figs. 22 and 23, 
the mounting plate 85 has three integrally formed pro- 
jecting portions 85a, 85b, 85c. On the top side side of 
the first projecting portion 85a, a terminal substrate 

94 is attached via a bonding layer (not shown), or the 
like. On the bottom side of the second projecting por- 
tion 85b, a rocking arm 95 is pivotally mounted, via a 
pin or the like. The rocking arm 95 has a tip end 95a 
biased by a tension coil spring 96 so as to engage with 
the ratchet portions 88, 88, 88 of the annular rib 87a 
according to rotation of the reel 87. An upper side of 
the third projecting portion 85c mounts a shaft 97 for 
supporting a pulley 98 (Fig. 24) for guiding the cord 
82. 

Referring now to Fig. 24, a slit 86a is formed at 
the top of the shaft 86 mounting the reel 87. The other 
end of the power spring 89 is engaged with the slit 
86a and the holding plate is set over the assembled 
mechanism via a gourd-shaped engaging hole which 
engages the top of the shaft 86. The power spring is 
given a predetermined number of turns before instal- 
lation of the earphone cup 81 and the cord 82 to pro- 
vide an initial torque as biasing force for the reel 87. 
The receptacle casing 83 is set over the holding plate 
93 and attached to the mounting plate via a pair of 
screws 99, 99 which pass through mounting holes 
provided in the second and third projecting portions 
85b and 85c. Each earphone cup 81 is received in a 
cup receptacle 83a of the receptacle casing 83. Fur- so 
thermore, a tab 84 is integrally formed on the recep- 
tacle casing via a flexible inverse U-shaped portion 
83b at a position opposing the end portion 95b of the 
rocking arm 95 which engages the ratchet portions 
88, 88, 88. Thus, by depressing the tab 84, engage- 55 
ment of the rocking arm with a ratchet portion 88 is 
int rrupt d, causing the reel to spin for retracting a 
I ngth of the cord 82. Thus, the reel 87, the rocking 
arm 95 th tension coil spring 96, the tab 84 and the 



Claims 

1. A head-mounted image display apparatus (1) 
wherein images from a pair of image display 
means provided in a device body (12) are provid- 
ed to left and right eyes of a user in enlarged form 
via reflector means (48) interposed between said 
Image display means (45) and a pair of ocular 
lenses (47), further comprising; 

a pair of optical visual units (40) housing 
said image display m ans, said reflector m ans 
and said ocular lens s, said optical visual units 
being resp ctively movable horizontally in direc- 
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11. A head-mounted image display apparatus (1) as 
set forth in claim 10, wherein said reflector 
means (48) are resp ctively mounted obliquely in 
5 said optical visual units (40) below said image dis- 

play means (45) and said ocular lenses (47) are 
vertically mounted in said optical visual units in a 
reflective path of said reflector means (48). 

10 12. A head-mounted image display apparatus (1) as 
set forth in claim 10, wherein horizontal move- 
ment of said optical visual units (40) and vertical 
movement of said image display means (45) may 
be independently carried out such that horizontal 

15 positional adjustment of said optical visual units 

will not affect an established vertical positioning 
of said image display means and vice versa. 

13. A head-mounted image display apparatus (1) as 
20 set forth in claim 1 0, wherein manual adjustment 



tions toward and away from each other. 

2. Ah ad-mounted image display apparatus (1) as 
set forth in claim 1, wherein said optical visual 
units (40) are movable along a laterally mounted 
shaft (39) provided in said device body. 

3. A head-mounted image display apparatus (1) as 
set forth in claim 1, wherein said ocular lenses 
(47) oppose said left and right eyes of said user 
at a fixed, predetermined distance therefrom. 

4. A head-mounted image display apparatus (1) as 
set forth in claim 1, further including backlighting 
means (30) operable such that illumination from 
a single light source (34) is utilized for uniformly 
irradiating each of said image display means 
(45). 

5. A head-mounted image display apparatus (1) as 
set forth in claim 4, wherein said backlighting 
means (30) is mounted above said optical visual 
units (40). 



6. A head-mounted image display apparatus (1) as 
set forth in claim 1, wherein said optical visual 
units (40) housing said image display means (45) 
are tilted relative each other such that a conver- 
gence angle is present in a viewing direction of a 
user between a leftside mounted one of said dis- 
play means and a right side mounted one of said 
display means. 

7. A head-mounted image display apparatus (1) as 
set forth in claim 6, wherein said convergence an- 
gle is established at between 2° and 8°. 

8. A head-mounted image display apparatus (1) as 
set forth in claim 1, wherein said optical visual 
units (40) are separable between a first shorter 
separation distance and a second longer separa- 
tion distance according to said horizontal move- 
ment thereof in the horizontal direction. 

9. A head-mounted image display apparatus (1) as 
set forth in claim 8, wherein said first shorter sep- 
aration distance is established at 55mm and said 
second longer separation distance is established 
at 75mm. 

10. A head-mounted image display apparatus (1) as 
set forth in claim 1, wherein said image display 
means (45) are respectively supported in said 
optical visual units (40) at a horizontal ori ntation, 
focusing means (70) being further provided such 
that said imag display means (45) ar movable 
in vertical directions. 



means (60) for effecting said horizontal positional 
adjustment of said optical visual units (40) and for 
effecting vertical positional adjustment of said im- 
age display means (45) are provided at an out- 
25 side surface of said device body (12). 

14. A head-mounted image display apparatus (1) as 
- set forth in claim 13, wherein said manual adjust- 
ment means (60)comprises a plurality of sliders 

30 (61). 

15. A head-mounted image display apparatus as set 
forth in claim 14, wherein said sliders (61) are 
slidable in left and right direction and are provided 

35 on horizontally oriented portions (12c\ 12r) of 

said outer surface of said device body (12). 

16. A head-mounted image display apparatus as set 
forth in claim 1, wherein a convergence angle in 

40 a viewing direction is established by tilting display 

surfaces of said image display means (45) re- 
spectively mounted in each of said optical visual 
units (40) with respect to each other. 

45 17. A head-mounted image display apparatus (1) as 
set forth in claim 16, wherein said convergence 
angle is established at between 2° and 8°. 

18. A head-mounted image display apparatus as set 
so forth in claim 1 , wherein said display means (45) 

comprises a pair of liquid crystal displays. 

19. A head-mounted image display apparatus (1) as 
set forth in claim 18, wherein said pair of liquid 

55 crystal displays (45) are of a substantially thin 

transmission typ . 

20. A head-mounted image display apparatus (1) as 
set forth in claim 14, wh r in said sliders (61) are 
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mounted via self lubricating materials. 

21. A head-mount d image display apparatus (1) as 

set forth in claim 14, wherein said sliders (61) are 5 
mounted via means of applying frictional force 
such that a predetermined resistance to sliding 
movement t hereof is established. 

22. A head-mounted image display apparatus as set 10 
forth in claim 1, wherein said device body (12) 
may be mounted on a head of a user via horizon- 
tally extending bows (20)provided on left and 
right sides thereof. 

15 

23. A head-mounted image display apparatus (1) as 
set forth in claim 22, wherein a length of said 
bows (20) is adjustable. 

24. A head-mounted image display apparatus (1) as 20 
set forth in claim 1 , further including audio output 
means (80). 

25. A head-mounted image display apparatus (1) as 

set forth in claim 24, wherein said audio output 25 
means (80) comprises headphone cups (81) pro- 
vided at left and right sides of said device body 
(12). 

26. A head-mounted image display apparatus (1) as 30 
set forth in claim 25, wherein said headphone 
cups (81) are retractably held in retraction mech- 
anisms (87-90) mounted on left and right sides of 
said device body (12). 

35 

27. A head-mounted image display apparatus (1) as 
set forth in claim 1, further including input means 
(26) for supplying image signals to said display 
means (45) from an external source. 

40 

28. A head-mounted image display apparatus (1) as 
set forth in claim 1, further including calibration 
means comprising left and right calibration but- ~~ 
tons (55L, 55R) operable such that when a right 

one of said calibration buttons is depressed a left 45 
one of said image display means (45) becomes 
black and a right one of said image display means 
displays a test pattern and when a left one of said 
calibration buttons is depressed a right one of 
said image display means becomes black and a 50 
left one of said image display means displays a 
test pattern. 



55 
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